Indigenous knowledge of seasonal weather forecasting could be useful in decision making at village level to best exploit the seasonal distribution of rainfall in order to increase or stabilize crop yields. We examined existing indigenous knowledge by interviewing 192 households in six regions of Uganda. Twenty one distinctive indicators were mentioned by local communities for forecasting the start of the dry season, but only few of these indicators were more consistently and frequently used in the different districts. These included the appearance of bush crickets (Ruspolia baileyi Otte), winds blowing from the east to the west, the appearance and movement of migratory birds such as cattle egrets (Bubulcus ibis Linnaeus), and calling by the Bateleur eagle (Terathopius ecaudatus Lesson). For prediction of the start of the rainy season, 22 indicators were mentioned and these included winds blowing from the west to the east, cuckoo birds (Cuculiformes: Cuculidae) start to call, and winged African termite (Coptotermes formosanus Shiraki) swarms leave their nests. Predictors of rain in the following days included presence of red clouds in the morning. Together with the meteorological forecasts, traditional indicators could be very useful in rain forecasting and improving the timing of agricultural activities.
INTRODUCTION
Adverse effects of climate change are threatening to undo decades of development efforts and negatively impact agriculture, health, settlements, and infrastructure in developing countries [1] [2] [3] . Agriculture in Uganda, like in most of sub-Saharan Africa is mainly rainfed and a drought will mean household food insecurity as a result of complete crop failure [4] . Rainfall variability together with the occurrence of extreme weather events like droughts, floods, and landslides is a reality in Uganda ( Table 1 ) and is threatening livelihoods and ecosystems alike [5] [6] [7] [8] [9] [10] .
Early warning systems have proven to be indispensable in preparedness for climatic events like the onset of rainfall, floods, earthquakes, landslides, droughts and related famine, and tsunami [11] [12] [13] [14] . In West Africa, Tall et al. [15] and Braman et al. [16] demonstrated how seasonal rainfall forecast information was used to reduce loss of lives, property, and illness due to floods. Efficient early warning systems have been shown to greatly reduce mortality and morbidity due to extreme weather events in the health sector [17] .
The knowledge of the indigenous people should be included when designing adaptations to climate change especially in Africa [18] . Local communities and farmers have developed a rich knowledge base of predicting climatic and weather events based on observations of animals, plants, and celestial bodies, among others [19] . Roncoli et al . [20] demonstrated that indigenous knowledge on rainfall forecasting can form an important part of the scientific forecasts in Burkina Faso. It was urged that understanding how local communities perceive and predict rainfall variability is key to communicating scientific weather forecasts. The most common environmental indicators used by the Bonaman inhabitants of Burkina Faso were the occurrence of intense heat and/or cold at different times of the year indicating the timing and amount of rainfall in the upcoming rainy season and the fruiting of specific tree species to either mean abundant rain or drought. [6] In the rural villages of Rajasthan, India, Pareek and Trivedi [21] investigated cultural values and indigenous knowledge of climate change and disaster prediction. They established that traditional knowledge systems were an important tool in environmental conservation and natural disaster management. Tree (Ficus spp.) flowering and generation of new shoots, appearance of termites, ants, butterflies, and frogs indicated the near rainfall onset. In Mberengwa district of Zimbabwe, interviews of persons over 70 years of age revealed a number of traditional weather forecasting indicators including birds (southern ground hornbill, Bucorvus leadbeateri Vigors, rain cuckoo), invertebrates (termites, cicadas), and vertebrates (frogs), fruiting of the ebony tree (Diospyros kirkii Hiern) among others [22] . In the southwestern highlands of Tanzania, Chang'a et al. [23] documented a good number of signs relied on by the local communities to predict the start and intensity of the rainy season and these included behavior of insects (armyworms, grasshoppers, termites, and butterflies), behavior of birds like the swallow-tailed bee-eater (Merops hirundineus Lichtenstein), plant phenology, like the flowering intensity of trees, and wind direction, among others. Elders in Manicaland and Masvingo provinces in Zimbabwe rely on a vast number of biological (singing of nyenze insects, collecting of grass and food by ants and termites to mark the start of the rainy seasons), atmospheric (frequent occurrence of mist or fog on mountain tops for the start of rain), and astronomic (position of the Milky Way and a group of six stars in the sky) weather forecasting indicators [24, 25] .
In India, Anandrajaga et al. [26] identified fifteen traditional weather and climate related practices that farmers of Tamil Nadu, Coimbatore district follow in their farming systems to help them in forecasting weather events. These included insect behavior (termites, ants, and dragon flies), frogs' croaking, dense fog in the morning, and high sweating during the day, among others.
In addition to the vulnerability of Uganda to rainfall variability and climatic shocks like droughts and floods [6, 9] , there is also lack of timely weather forecasts at local village or district levels. This coupled with high poverty levels, high dependence on rainfed agriculture and the dependence of up to 80% of the population's livelihood on agriculture leave most smallholders and resource-constrained rural farmers unable to adapt to climate change. Reducing the impact of extreme climatic events, however, remains a challenge in Uganda because disasters are responded to after they have occurred rather than preparing for them and implementing a risk management plan.
Uganda's system for generating official early warning systems at national, regional, district, or village levels for disaster management is non-existing and this puts farmers and the entire population in the awkward position of being unable to adequately prepare for extreme climatic events. Additionally, the literature has only limited studies detailing actual early warning systems for each of the regions in Uganda and yet each culture has unique traditions of predicting climatic events. There is thus a need to document location-based traditional early warning signs of climatic and weather events used by farmers. This study was therefore undertaken to document local pointers used to forecast the start and end of the rainy and dry seasons over the districts under study.
METHODS AND MATERIALS
A total of 192 households (32 households per district and region), were interviewed from six districts: Soroti (Teso region), Masindi (Bunyoro region), Wakiso (Buganda region), Gulu (Acholi region), Kabale (Kigezi region), and Kasese (Tooro region) in Uganda. Two subcounties were randomly selected per district and in each sub-county four parishes were chosen by lot. Four villages were then selected per parish. One household was randomly selected per village except that in villages which spanned over 10 km of road distance, two households were picked. Respondents who had lived in the village for the past 10 years and preferably older than 30 years were mainly targeted. Interviews of the selected respondents were conducted in their homes using openended questionnaires. This gave the respondents an opportunity to describe important features of their local weather forecast systems while detailing features that are important for them. Information on demographic characteristics and indigenous knowledge of forecasting the onset of the rain and dry seasons was collected. Data were mainly qualitative and percentages were the major statistical tools used to enable the description of sociodemographic characteristics and early warning signs used by farmers for prediction of climatic events.
RESULTS AND DISCUSSION

Household Characteristics
Of the 192 respondents that were interviewed, the majority (61%) were women. According to UNHS 2009/ 2010 [27] , more than half of Uganda's population is female (51%). In all the six districts surveyed, most of the households interviewed were male-headed (72%) and this compares well with the national figure of 71% in rural areas of Uganda [27] . Nearly 90% of the respondents were aged 30 years or older ( Table 2 ) which was the main target group for this study. Mean household size across districts was 7.5 members and this is higher than the national average by 2.5 members. The majority of respondents (75%) had zero to seven school years. For their livelihood, respondents grew crops (36%), kept livestock (3%), or did both (45%).
Indigenous Early Warning Signs of Climatic Events
Historically and still today in Uganda, as elsewhere in Africa and the world, farmers continue to use traditional knowledge to understand rainfall patterns and other climatic events. In this study, a number of signs were relied on by respondents to predict the start of the dry season ( Table 3) . Appearance and movement of insects as an indicator of the approach of the start of the dry season was the most mentioned local sign only in the districts of Wakiso (34%), Masindi (31%), and Kasese (6%). In Wakiso district, nsenene (bush crickets, Ruspolia baileyi Otte) usually appear in the months of May and November every year and the dry seasons normally start in June and December. Winds blowing from the east to the west were mentioned in all six districts as a sign of an upcoming dry season. Indicators of the nearness of the dry season that were specific to a district were coldness during the night and day, and the presence of red clouds in the morning hours in Kasese district. In Masindi district, coldness in the morning and evening, new moon appearing red without a lining, winds blowing from the west to the south/north, movement of white clouds from the east to the west and strong winds coming with rain in a storm indicated that the dry season is near. Indicators like the presence of fog in the morning, strong winds in the morning and evening, and the moon appearing black were specific only to Wakiso district. Soroti district had the largest number of respondents using local indicators to predict the onset of the dry season (84%), followed by Masindi district (56%), while Kabale district had the lowest number of respondents using local indicators to mark the start of the dry season. When farmers observed indicators for the nearness of the dry season, they responded by either storing food in granaries or planting only in swampland where water is available even during the dry season. Although, respondents in Masindi district mentioned that the appearance of cumulus humilis clouds in a clear sky indicated the start of a dry season, meteorologists use these clouds to forecast a dry day as they produce little or no precipitation [28] . In Kasese district, a red sunset was taken to indicate the nearness of the dry season but Schott [29] believes this forecast is for no rain during the next day. Farmers used a number of indicators to forecast the start of the rainy season ( Table 4) . Winds blowing from the west to the east are the most common sign and this was reported in five out of the six districts. The appearance of nimbus clouds in the morning and evening used by communities in all the six districts was the second most mentioned sign, while calling by birds came third. Signs for forecasting rains specific to a district were movement of clouds from the west to the east in Masindi, appearance of algae in Kabale, cows becoming restless in Gulu, visibility of the ice cap on Mt. Rwenzori in Kasese, sight of a group of small stars in the east in Soroti, and appearance of millipedes and the presence of dew on grass in Wakiso.
After the first soaking rain of the rainy season, winged termites commonly known as white ants leave their nest in large swarms. These termites are a delicacy in Uganda and represent a valuable source of protein and fat in the diet of many Ugandans. Some of these early warning Table 4 . Early warning signs used by farmers for prediction of the start of the rainy season. signs, such as watching the behavior of a herd of cows, require patience and are not stand-alone thereby requiring a combination of two or more other signs to be able to make an accurate weather forecast. Acharya [19] proposed that the behavior of animals can reliably be used to predict the onset of the rainy season, upcoming rain, and the occurrence of floods or typhoons since animals alter their behavior to suit upcoming natural dangers. Cattle are believed to sense when the rains are near and they become frisky which is demonstrated by jumping. The cry and movement of birds to signal the onset of the rains has been reported by local communities in India [19] , Tanzania [23] and, Swaziland [30] , though these are unlikely to be the same species as the birds observed in Uganda.
Indicators for rain over coming days were not as many as those for the start of the seasons and included a feeling of excess heat, presence of many rain clouds, a red sky in the morning, appearance of fog in the morning, and a feeling of body pains by some individuals ( Table 5) .
Other early warning signs reported by respondents were for hailstorms (3% in Kabale and 9% in Soroti) and ceremonies for rainmakers. Cultural rituals to ask the gods for rain were performed by very few respondents (6% in Soroti, 3% in Wakiso and Soroti). In Wakiso; the rituals involved drinking a local brew (malwa), performing cultural dances while drumming, and singing to tree called nyagalabwami on a sacred hill (sekwa). Table 5 . Early warning signs used by farmers for prediction of rain or no rain in 1 -3 days. It should also be noted that observations for forecasting the weather based on the sun, moon, sky/clouds, dew, or fog may be the same in all districts and even countries since they refer to the same planet earth. Observations based on certain birds, plants, insects, and animals may however vary from one region to another because they are unique or specific to a certain locality. The variation in indicators across regions for prediction of weather events observed in this study could partly be explained by the difference in individuals' experience, knowledge, and culture of the people in these regions.
Although some of these signs may not be consistent, a good number of them do have a scientific explanation mainly based on pressure (barometric and hydrostatic) zones. Such signs include a halo around the moon, feeling of body pains and aches, fog in the morning, cows' behavior, red sky, and wind direction [19, 29, 31] .
Results of this survey, however, find relevance in areas with similar birds, plants, insects, and animals in Uganda and elsewhere in the tropics. This knowledge can facilitate adaptation to erratic and unpredictable rainfall events in rural areas with no access to conventional weather forecasting from the department of meteorology.
CONCLUSIONS, RECOMMENDATIONS AND POLICY IMPLICATIONS
Local indicators used by smallholder farmers for seasonal rainfall prediction have been identified in various districts of Uganda. Not all respondents are familiar of using traditional signs to predict seasons. It was also noted that recent changes in climate are affecting the use of traditional signs for forecasting the start of the rainy season. Hence, farmers would profit from weather forecasts provided by governmental institutions. This will enable farmers to make sound decisions on how to fully exploit the seasonal distribution of rainfall to improve and stabilize crop yields.
